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I
摘要
运营桥梁结构的安全预警系统能对其安全状况进行实时在线监测，并及时反
馈给相应的管理部门，以便于及时采取处理措施。结构损伤识别方法是结构安全
预警系统的核心，国内外学者对这一课题已开展了广泛的研究，并取得了丰硕成
果。然而，现有的研究方法大多是基于先验结果的数值模拟和实验分析，在实际
工程的应用中，存在着严重的适用性问题及其他诸多不同于实验和数值模拟的难
点。因此，针对在役桥梁在环境随机振动下的结构损伤判别方法成为新交通环境
下众多既有桥梁结构安全性问题研究的切实需求。
本文以随机振动下桥梁结构的监测数据为基础，开展了基于结构响应互相关
函数分析的结构安全性预警方法研究，具体内容如下：
（1）阐述了不同噪声影响下结构响应间互相关函数的理论解析式，并建立
了采取互相关函数幅值向量作为损伤识别指标的具体方法，用数值算例验证了该
方法的适用性，分析了该方法在工程应用中的不足。
（2）阐述了当前几种主要振动信号处理的方法，系统地介绍了基于小波变
换振动信号处理方法的理论基础以及去噪的基本原理，分析了影响小波去噪效果
的关键性因素，通过仿真实验对比各类小波去噪方法的优缺点以及工程实用性，
并将仿真实验得到的最优小波去噪方法应用到在役桥梁的真实监测数据分析中，
验证了该方法在随机环境激励下处理振动信号的可行性和有效性。
（3）从结构安全性预警方法着手，根据统计学原理以及互相关函数幅值向
量基本原理提出了数据的预处理、基准互相关幅值向量的确定和预警阈值的确定
及更新等方法，并将之应用到莫兰蒂台风前后的运营实桥结构安全性监测分析
中。分析结果表明，基于随机振动互相关函数分析的桥梁结构安全性预警方法能
有效地应用到运营实桥的结构监测中。
关键词：结构安全预警；小波变换；损伤识别；互相关函数；实桥监测
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ABSTRACT
The structure safety early warning system of operation bridge can monitor its
safety performance in real time and timely feedback to the corresponding
management department in order to take timely measures.Structural damage
identification method is the core of structural safety early warning system, domestic
and foreign scholars have carried out extensive research on this subject, and has
achieved fruitful results.However, most of the existing research methods are based on
a priori numerical simulation and experimental analysis, and there are serious
applicability problems and many other different from the experimental and numerical
simulation of the difficulties in the application of practical engineering.Therefore, the
structural damage identification method of the existing bridge under the random
vibration of the environment becomes the practical requirement of the research on the
safety problems of the existing bridge structures under the new traffic environment.
Based on the monitoring data of bridge structure under random vibration， this
paper studies the method of structural safety early warning based on the analysis of
structural response cross correlation function.The details are as follows:
（1）The theoretical analysis of the cross - correlation function between the
responses of structures under different noise is described.The specific method of
taking the cross correlation function amplitude vector as the damage identification
index is established，and the numerical examples are used to verify the applicability of
the method.And the shortcomings of this method in engineering application are
analyzed.
（2）The processing methods of several mainstream vibration signal are
described. The theoretical basis of the vibration signal processing method and the
basic principle of denoising based on the wavelet transform are introduced. The key
factors influencing wavelet denoising are analyzed, and the advantages and
disadvantages of various wavelet denoising methods and engineering practicability
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are compared by simulation experiment. The optimal wavelet denoising method
obtained from the simulation experiment is applied to the real monitoring data of the
in-service bridge, which verifies the feasibility and effectiveness of the signal
processing under the excitation of the random environment.
（3）Introduce the classification of structural safety early warning method.The
method of data preprocessing and analysis,determining the reference cross
-correlation amplitude vector ,and determining and updating the warning threshold are
put forward based on the principle of statistics and the principle of amplitude vector
of cross-correlation function. And apply these methods to the security monitoring
and analysis of the operation of real bridge structure before and after the tyranny of
Morandi.The analysis results show that the bridge structure safety early warning
method of cross-correlation function analysis based on random vibration can be
effectively applied to the structural monitoring of the operation bridge.
Key words ： Structural Safety Early Warning; Wavelet Transform; Damage
Identification; Cross-Correlation Function; Real Bridge Monitoring
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